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CARDIAC GLYCOSIDES and aglycones can induce oscillations in both electrical and mechanical activity of isolated cardiac tissues. Oscillatory afterpotentials (OAP) in ventricular and atrial specialized conducting tissues may provide an important mechanism underlying certain digitalis arrhythmias. 1 I have recently shown that OAP induced in canine Purkinje tissues by acetylstrophanthidin (AS) are accompanied by aftercontractions (AC). 2 Also in that study, I observed AS-induced AC in ventricular muscle, most frequently in the absence of OAP, but occasionally accompanied by this electrical event. AC with or without electrical correlates have been observed previously in cardiac tissues, usually in response to low temperature and elevated calcium concentrations. 1 The studies of Reiter 3 are notable because AC were induced by dihydro-ouabain in combination with low temperature (25°C) and elevated calcium concentrations. Also of special importance to the present study are the observations of Braveny et al. 4 and Posner and Berman. 5 Braveny et al. studied AC induced in guinea pig atria by low temperature and high rate or elevated calcium concen-trations. Recordings were isotonic. Posner and Berman, using isometric recording techniques, studied AC induced in rat ventricular tissues by low temperature and elevated calcium. Both studies demonstrated oscillatory changes in restitution of contractility that were associated temporally with the AC. I was greatly interested in the effects of digitalis-induced AC on contractile strength of cardiac tissues and in the possible ro|e of AC in the inotropic actions of cardiac glycosides and aglycones. Therefore this study was undertaken to investigate possible influences of AS-induced AC on restitution of contractility in canine ventricular muscle. The amplitude and coupling intervals of AC are strongly influenced by basic cycle length (BCL) and number of preceding beats; 2 accordingly, this study also included a preliminary investigation of the possible effects of AS-induced AC on force-frequency relationships and staircase phenomena.
Methods
Experiments were performed with papillary or trabecular muscles with diameters of 1 mm or less. Preparations were excised from either ventricle of hearts removed from adult mongrel dogs (either sex, 9-15 kg) under sodium pentobarbital anesthesia (30 mg/kg, iv). Muscles were studied at 37°C in an isolated tissue bath through which a modified Tyrode's solution flowed continuously. The millimolar composition of the solution was: NaCl, 137.0; KC1, 4.0; NaH 2 PO 4 , 0.9; NaHCO 3 , 12.0; CaCl 2) 2.5; MgSO 4 , 0.5; and dextrose, 5.5. The solution was equilibrated with 95% O 2 -5% CO 2 . One end of the preparation was fixed to the bath with a stainless steel pin. The other end was attached by means of a stainless steel hook, made from a 31-gauge 3-inch hypodermic needle (Becton, Dickinson), to a Grass force-displacement transducer (FT .03C; compliance: 20 mm/kg). After a 1-hour equilibration period, resting tension gradually was applied to the muscle. The final resting tension was 80% of that required to elicit maximum developed tension measured at a basic cycle length (BCL) of 600 msec.
Preparations were driven with rectangular pulses from an optically isolated digital stimulator (Pulsar 61; Frederick Haer & Co.) which in turn was triggered by a digital interval generator incorporating a 100 kHz crystal oscillator. Pulses were twice the threshold voltage and 3 msec in duration. Cathodal stimuli were delivered via two silver wires insulated to within 1 mm of the tips. The two electrodes made discrete local contact on opposite sides of the preparation near the fixed end. The anode, also silver, was immersed in the bath at a remote site. This method of stimulation has been found to result in very uniform propagated wavefronts of electrical activation in canine false tendons (J. Peon, G. R. Ferrier, and G. K. Moe, unpublished observations). This method had the further advantage of reducing the voltage required to stimulate the preparations and thus retarded polarization of the electrodes. No measurement of release of endogenous stores of catecholamines was made.
The basic pattern of stimuli consisted of regular trains of 15-20 members, separated by 3-second pauses. When the pattern of stimulation was altered in order to test contractile strength, the alteration was introduced only in every second train. The length and BCL of the alternate trains were not altered and thus provided a constant immediate history for the "test trains." Stable control values always could be achieved within the duration of the alternate train and, therefore, this pattern of stimulation was judged effective in achieving the desired end. The alternate train also provided an internal control and served to detect artifactual changes due to deterioration of the preparation or unexpected changes in conditions.
Contractile activity was monitored with the Grass forcedisplacement transducer and associated amplifiers (low level DC preamplifier, model 5P1A; Polygraph DC driver amplifier, model 5). The output of the driver amplifier was displayed on an oscilloscope (Tektronix 5103N) and photographed with a Grass camera.
Acetylstrophanthidin (generously supplied by Eli Lilly Co.) was prepared as a concentrated stock solution (1 x 10~4 g/ml in a 6% aqueous solution of ethanol). When used, an appropriate amount of the concentrated solution of AS was added directly to the reservoir of Tyrode's solution to achieve the desired final concentration (5 x 10~8 to 2 x 10" 7 g/ml). Data collection was restricted to those preparations demonstrating a well maintained positive inotropic effect with no detectable contracture.
Results

CONTROL INTERVAL-STRENGTH RELATIONSHIPS IN CANINE VENTRICULAR MYOCARDIUM
Records of contractions from a right ventricular trabeculum are shown in Figure 1 . The preparation was driven with trains of 15 stimuli separated by 3-second pauses. The BCL was varied from 300 to 1000 msec, and the alternate trains (not illustrated) had a constant BCL of 500 msec. The top panels illustrate trains of beats at two BCLs recorded during the control period. A contractile alternans such as that illustrated for the shorter BCL was commonly encountered in all preparations at a BCL of 300 msec or less. No qualitative difference in frequency dependent relationships was observed whether only odd beats, only even, or a running mean of the two was used. Following the first beat, the remaining members of the train, at the shorter BCL, exhibited a pronounced ascending staircase. A small ascending staircase also was observed at BCL = 600 msec (top right). After exposure of the preparation to AS (1 x 10~7 g/ml; bottom panels), a positive inotropic effect was evident at all BCLs. Also, AC were apparent following the last beat of each train and can be seen between beats and developing through the train at the longer BCL. An ascending staircase still was observed at BCL = 300 msec; however, at BCL = 600 msec, the staircase was reversed from control.
Staircase phenomena were studied in detail, over a physiological range of BCL, before and after exposure to AS in nine experiments. The frequency dependence of the control staircase phenomena is illustrated in Figure  2A for a representative experiment (same preparation as in Figure 1 ). The ordinate represents the peak-developed tension measured in milligrams for the individual beats in the trains of 15. The tension is plotted as a function of BCL for beats occupying the same numerical position within the trains at different BCLs. The numbers opposite the curves indicate the numerical position. The first beat of each train was always preceded by a 3-second pause and therefore changed little throughout the procedure. The developed tension for the second beat at the shortest BCL was omitted because it was fused to the preceding beat. Fusion occurred in part because of the relatively long duration of the first twitch following the 3-second pause. In turn, at short BCL, beat number 3 is displaced upward in the graph because of the contractile alternans associated with very short BCLs. At the end of the trains, the developed tension was approaching asymptotically a constant value characteristic of that BCL. Thus, curve 14 approximates the force-frequency curve. At a BCL shorter than 700 msec, the trains were characterized by ascending staircase. At longer BCLs, the trains exhibited small but definite descending staircases. In this example, the measured trains alternated with trains of 15 beats at BCL = 500 msec. In other experiments, especially when the alternate train had a long BCL (> 800 msec) or changed with the measured train, the descending staircase was eliminated. Trains with long BCLs then exhibited either no staircase or a small ascending staircase. Trains at short BCLs ( s 600 msec) always exhibited a positive staircase.
EFFECTS OF AS ON STRENGTH-INTERVAL RELATIONSHIPS
As noted above, AS altered the staircase phenomena exhibited by regular beats. Figure 2B illustrates the staircase phenomena as a function of BCL for the same preparation as in Figure 2A but after exposure to AS (1 x 10" 7 g/ml). Again, the second beat at short BCL is omitted because of fusion with the preceding beat, and beat number three for short BCL is displaced because of a developing alternans. A positive inotropic effect was evident for all beats measured (although it was less for the first beat of the train than for later beats). Also it should be noted that, from curve 14, there is little change from control of the shape of the force-frequency relationship. An ascending staircase could still be demonstrated at short BCL. However, a marked descending staircase was now observed at all BCLs longer than 400 msec. Most noticeably, in nine of nine experiments, the descending staircase occurred regardless of the BCL of the preceding train.
RESTITUTION OF CONTRACTILITY: HEART RATE AND AS
EFFECTS OF
The observed changes in staircase phenomena, in response to exposure to AS, prompted a more detailed examination of rate-dependent changes in contractile strength both in control and treated preparations.
It is well known that strength of contraction changes with heart rate. Also, this rate dependence is expressed in curves of restitution of contractility." At heart rates characterized by relatively strong steady state twitches, curves of restitution exhibit more rapid initial recovery and asymptote to higher values than observed at frequencies characterized by weaker twitches. We have confirmed this relationship for the canine ventricular preparations used in this study. Also, we have extended these studies to include an examination of the changes in restitution that might accompany staircase phenomena expressed by regular beats. Data from one of six control experiments of this type are illustrated in Figure 3 . The data were collected from a preparation driven with alternate trains of 15 beats at BCL = 500 msec. The test trains were of variable duration (2, 4, 8, or 15 beats) and BCL (500 msec, circles; or 1000 msec, triangles). A test stimulus was used to assess the recovery or restitution of contractile strength at different intervals following the last beat of the train. A marked ascending staircase was observed when the BCL of the test train was 500 msec. The staircase is reflected in the curves of restitution. As the train length increased from two to 15 beats, there was an increase in both the initial rate of restitution and the level reached. In contrast, when the BCL was 1000 msec, no obvious staircase was observed. Similarly, little if any change in restitution occurred as the train developed. There was a 100% correlation between the occurrence and direction of staircase phenomena and corresponding changes in restitution in all six experiments. Thus, preand postmature beats exhibit "staircase phenomena" and, although proportioned by restitution, the resultant staircase parallels that of the regular beats. Exposure of preparations to AS resulted in profound alterations in the relationships between heart rate and restitution of contractility. Several effects of AS on these relationships were examined in 12 experiments. Results from one of these are illustrated in Figures 4 and 5. In Figure 4 , the lower curve (large graph) indicates the time course of restitution following a train of 20 beats at BCL = 400 msec during the control period. Restitution proceeds smoothly, initially rapidly and then more slowly. Following exposure of the tissue to AS (effects of 2 x 10" 7 g/ml illustrated), AC were observed following the driven beats. The time course (only) of the last driven basic beat and two coupled AC is schematically illustrated for this experiment (top line). As the AC developed, oscillations appeared in restitution as shown by the upper curve of restitution (circles). Similar oscillations in restitution occurred in 12 of 12 experiments.
In all 12 experiments, the temporal relationship between the oscillations in restitution and the AC were essentially the same as that illustrated in Figure 4 . When considering this temporal relationship it is important to note that the abscissa of the large graph also serves as the time base for the schematic. However, the intervals for the schematic are measured from the last regular stimulus of the train to the event in question (last contraction or AC), whereas the intervals with reference to restitution are measured from the last regular stimulus of the train to the test stimulus. The actual test beat starts after a latency similar to that illustrated for the last basic beat. Furthermore, the duration of the driven contractions, either basic or test, is similar to that of the AC. Thus the peaks in restitution occurred when the stimulus was delivered immediately before the AC, and the periods of force development of the test contraction and the AC were in phase. In contrast, when the stimulus was delivered at the peak of an AC, active tension development occurred during a time period corresponding to relaxation of the AC. Test beats with this temporal relationship to AC were relatively weak. This relationship is further illustrated in Figure 6 and is considered in more detail in the discussion of results.
When changes in BCL also were considered, additional effects of AS on restitution became apparent. In previous studies, Kruta 6 demonstrated that the magnitudes of glycoside-induced positive inotropic effects on restitution were dependent on preceding heart rates. The positive inotropic effects were less prominent following higher heart rates. However, in those studies, the shortest BCL used was 500 msec and restitution was not examined for intervals longer than the BCL. In the present study, long intervals were tested for all BCLs. Although all regular beats demonstrated a positive inotropic effect, late beats following trains at short BCL (< 400 msec) showed only a negative inotropic response to AS. This is demonstrated in Figure 5 in Figure 4 . The regular or basic beats are indicated by intersecting vertical lines (BCL = 300; solid lines; BCL = 600, broken lines). In the control (left graph), restitution following the train of beats at the shorter BCL was more rapid and reached a higher level. After exposure to 1 x 10~7 g AS/ml (center), oscillations in restitution became apparent at both BCLs. Also, the strength of the basic beats and the initial rate of restitution were increased for both BCLs. However, at BCL = 300 msec, later test beats indicated a negative inotropic effect. This was also observed in this experiment for late beats following trains at BCL = 250 msec (not illustrated). Finally, when the concentration of AS was increased to 2 x 10~7 g/ml (right), there was a further positive inotropic effect exhibited by the basic beats and initial rates of restitution. Also, the oscillations in restitution increased in size and, except for the position and amplitude of the oscillations, the curves of restitution became superimposable. Thus, the oscillations in restitution became major determinants of the strength of regular, premature, and postmature beats falling within the period in which the oscillations occur. Convergence of the curves of restitution was observed, in this experiment, for BCL = 250, 300, 400, 500, and 600 msec and was confirmed in 11 other experiments. Force-frequency relationships of basic beats for the same experiment described above are illustrated in the inset of Figure 4 . A positive inotropic effect clearly was observed for all BCLs examined at both concentrations of AS. Furthermore, little if any alteration of the forcefrequency relationship of basic beats was observed at a level of effect of AS shown to eliminate the frequency dependency of restitution. This is of special note because the shape of the force-frequency curve is preserved although oscillations in restitution strongly influence the strength of any superimposed beat. Thus, the position of the basic beats relative to oscillations in restitution becomes an important determinant of the force-frequency relationships.
THE RELATIONSHIP BETWEEN STRENGTH OF CONTRACTION AND AS-INDUCED AFTERCONTRACTIONS
As shown above, the oscillations in restitution were associated with underlying AC. The experiments described below demonstrated directly the dependence of the force-frequency relationship on the phase relationship between the basic beats and AC. The experiments also clearly showed that AC, or an underlying event temporally coupled to AC, truly potentiate and depotentiate superimposed beats.
We previously reported that the amplitude of OAP in Purkinje fibers increases with the number of preceding beats (train length). 7 We have found AC in ventricular muscle to behave similarly (Fig. 1, bottom right) . AC coupled to the first beat following a 3-second pause are consistently low in amplitude. The amplitudes of the AC increase rapidly with the first eight to 10 beats and then asymptote toward a magnitude determined by the BCL and level of drug effect. Six experiments were conducted to examine the possibility that the strength of superimposed beats would be proportional to the amplitude of the AC. In each experiment, the preparation was exposed to progressively increasing concentrations of AS until a definite positive inotropic effect was established and well defined AC were present. Empirical selection of two BCLs was then made, one corresponding to a marked ascending staircase and one resulting in a marked descending staircase. Alternate trains were constant with 15 beats at BCL = 500 msec. Test trains at one or the other BCL were then varied in length (2, 4, 8, or 15 beats) . This allowed determination of the relationship between AC amplitude and number of preceding beats. The test trains were then repeated but with the addition of a test beat. To test for potentiation, the stimulus was delivered so that tension development of the test beat would occur during the ascending limb of the AC following the train. Potentiation was examined with the preceding BCL selected to provide a descending staircase. This arrangement was used so that if there remained any residual staircase attributable to the mechanism described for the control, an ascending staircase could not be erroneously identified as potentiation. Similiary, depotentiation was studied with the test beat occurring during the descending limb of the AC coupled to the last beat of the train and with the preceding BCL selected to result in an ascending staircase. The traces in Figure 6 are contractile records from an experiment representative of this series. In all panels, the broken line represents the time course and amplitude of the AC in the absence of the test beat. The top panels demonstrate potentiation. When the test train was two beats in duration (left) a test beat (cycle length, 400 msec) occurring during the upstroke of the aftercontraction was stronger than the last basic beat. The top right panel illustrates the same sequence except that the test train consisted of 15 beats (only basic beats 14 and 1 5 are illustrated). The decreased strength of the last basic beats relative to beat 2 is indicative of the descending staircase. As a consequence of the increased train length, the AC increased in amplitude and the test beat was strongly potentiated. The bottom panels illustrate a converse situation. The trains of basic beats (BCL = 400 msec) exhibited a strongly ascending staircase. A test beat (cycle length, 800 msec) occurring during the descending limb of the AC weakened as the amplitude of the AC increased with train duration. In addition to illustrating the potentiating and depotentiating effects of AC, Figure 6 also shows that, in the absence of gross shifts in restitution, the phase relationship of a beat to underlying AC is sufficient to account for the persisting force-frequency relationship. For example, one can account for the diminished strength of the 15th beat at BCL = 800 msec (steady state with the stimulus pattern used) by noting the great similarity to the test beat delivered at a similar point in an AC following a train at BCL = 400 msec (bottom right). Similarly, the strength of the last regular beats at BCL = 400 msec is approximately duplicated by a test beat that approximates the phase relationship to underlying AC (top right panel) but is preceded by regular beats at BCL = 800 msec.
Finally, the above experiments also suggest the mechanism underlying staircase phenomena in the absence of staircase shifts in restitution. As indicated above, the inotropic effects of AC, both positive and negative, were proportional to the amplitude of the AC. Also, the amplitude of the AC increased progressively with the first eight to 10 beats of the train. Therefore, ascending staircases occurred when each basic beat fell during the ascending limb of progressively larger AC. Conversely, descending staircases occurred when the BCL was such that basic beats occurred on the descending limb of sequentially larger AC. Figure 7 illustrates the changes in strength of contraction that occurred with increasing train length for both basic and test beats and also illustrates an additional major difference from control. The data were collected from the same experiment as illustrated in Figure  6 . During the control period (top panel) an ascending staircase occurred at BCL = 500 msec (left). As would be predicted by the progressive shift in restitution described above (cf. Fig. 3) , the strength of a beat at a long test interval (TI = 1000 msec) also increased with the number of preceding beats. When the BCL was 1000 msec (top right), the basic beats exhibited only a weak descending staircase, and a test beat of 500 msec exhibited no detectable change in strength. After exposure to AS (1 x 10~7 g/ml), basic beats at BCL = 400 msec (bottom left) occurred during the upstroke of underlying AC and described a prominent ascending staircase. However, unlike the control, a test beat at a long interval (TI = 800 msec) during the descending phase of an AC decreased in strength as the number of preceding beats increased. When the BCL was 800 msec (bottom right), the basic beats fell during the descending limb of the AC and described a descending staircase. However, test beats occurring during the ascending limb of the aftercontraction (400 msec) exhibited a progressive increase in strength of contraction. Thus, after exposure to AS, preand postmature beats do not necessarily exhibit changes in strength that parallel the staircase of the basic beats. The direction of the change in strength is dependent on the temporal relationship of the beat to underlying AC. 
NUMBER OF BEATS
FIGURE 7
Comparison of staircase phenomena before and after acetylstrophanthidin (AS) (same experiment as Figure 6 ). Top panels, control; bottom panels, 1 x 10' 7 g AS/ml. RT = resting tension; TI = test interval. See text for explanation. VOL. 41, No. 5, NOVEMBER 1977 The above interrelationships between AC and the strength of superimposed contractions were confirmed in six of six experiments.
Discussion
The results of this study suggest that AC may play an important role in the inotropic actions of cardiac glycosides. Also, AC might share a common mechanism with OAP. Thus this study may therefore provide a possible link between a number of inotropic effects of AS and a phenomenon proposed as an arrhythmogenic mechanism. 1 The evidence for a phase of potentiation associated with AC might be questioned. Similar oscillations in restitution could result if AC induced only a negative inotropic effect and if this effect were superimposed upon a general positive inotropy mediated via a different mechanism. However, if this hypothesis were correct, one would expect that for any given level of inotropic effect, the strongest beats would occur when AC are relatively small or absent. However, the experiments showed that the strength of contractions initiated immediately before the ascending limb of AC increased as the amplitude of the AC increased (top panels, Fig. 6 ). Thus the data demonstrate a phase of potentiation and do not support the alternate hypothesis.
The temporal or phase relationship between oscillations in restitution and AC may be interpreted in several ways. Braveny et al. 4 and Posner and Berman 5 described AC and oscillations in restitution in cardiac tissues exposed to low temperature and either high rates of stimulation or high concentrations of calcium. The phase relationship between oscillations in restitution and AC illustrated by Braveny et al. is almost identical to that described in the present study. However, those authors interpreted the relationship in terms of Starling's law of the heart. They suggest that beats initiated at the peak of AC started from a shorter length and therefore developed less force. The present study utilized isometric recording techniques. Thus, changes in length of the contractile elements were greatly reduced although almost certainly not eliminated. In addition, the argument expressed in the previous paragraph again may be applied. Potentiation of beats initiated immediately before AC increased with the magnitude of AC, although the resting tension and presumably length at the time of initiation were essentially unchanged ( Fig. 6, top panels) . The observations of Posner and Berman are particularly relevant to this consideration. In their experiments, the duration of the test beats was only a small fraction of the duration of the AC. The entire period of tension development of the test beat occupied only a small segment of the AC. They determined directly that maximum tension was achieved when the test beat occurred during the middle portion of the ascending limb of the AC. Thus, these studies support the present hypothesis that potentiation occurs when the periods of force development of the test beat and AC coincide.
One difficulty encountered in the present study was the lack of a good reference point for the inotropic actions of AC. We have been unable to devise a method of abolishing AC without using interventions known to alter contractile strength in the control. If only the data from treated preparations are considered, and then only in those preparations in which convergence of the curves of restitution has been achieved, the first beat of each train serves as a reference. The first beat (following a 3-second pause) occurs well after the last detectable AC of the preceding train, and the strength of the beat is little affected by the frequency of preceding activity. However, beats superimposed on the ascending limb of AC clearly can be potentiated relative to the first beat of the train and this may occur regardless of whether the beat in question is regular or premature ( Figs. 8 and 9 ).
The lack of effect of AS on the shape of the forcefrequency curve is surprising when one considers that the drug greatly alters several frequency-dependent components underlying the final relationship. It is interesting to speculate on the effects AS would exert upon the forcefrequency relationship in the absence of AC. In the present study, AS caused a progressive diminution of the frequency dependence of restitution during the development of the positive inotropic effect; i.e., the curves of restitution at various frequencies approach congruency. If this effect were completed without the simultaneous development of frequency-dependent oscillations in restitution, the force-frequency curve would be necessarily identical to that common curve of restitution. In this context, it appears that AC play an important role in maintaining a positive inotropic effect at high physiological heart rates.
The occurrence of AC may have inotropic consequences in addition to those already discussed. At certain BCLs, each driven beat may fall at a specific phase of an AC coupled to the preceding beat. The resultant alteration in diastolic tension might be interpreted as a change in diastolic compliance. The validity of including active changes in tension within the definition of diastolic compliance may be disputed. 8 -9 Feigl 10 considered this problem with specific reference to AC induced by paired pacing and came to the conclusion that changes due to AC did not reflect true (passive) extensibility changes. This conclusion was based in part upon the observation that isometric diastolic tension during paired pacing could be made to increase, decrease, or remain constant by alterations in the timing of the paired stimulus. These changes in diastolic tension resulted from changes in the coupling of AC to preceding beats and in the degree of relaxation of the driven beat before the AC began. Earlier, Katzung" conducted an extensive study of AC occurring in cardiac tissues of various species under varying combinations of low temperature and high calcium concentrations. Using discontinuous stimulation and high sensitivity recordings, he observed that diastolic tension following AC remained slightly elevated above prestimulation levels for several seconds. This elevation of isometric resting tension might also be interpreted as a change in diastolic compliance. This example of altered diastolic tension appeared to be related to the ability of the tissue to generate AC in response to single driven twitches. However, beats initiated during this period demonstrated no significant change in peak tension. The test beats in Katzung's study were delivered much later relative to the AC than those demonstrating depotentiation in the present study. No attempt was made in the present study to determine whether a similar elevation of diastolic tension could be detected following AS-induced AC. Although AC, and probably the more prolonged tension change observed by Katzung, do not provide a passive change in extensibility, they would be expected to provide some alteration in resting length of preparations contracting isotonically or allasotonically. Whether this change would be of significance in diastolic filling of the intact heart is presently unknown.
In light of the various considerations above, how important is the role of AC in the mechanism of action of AS and other digitalis drugs? The present study suggests a positive inotropic effect of AC at high heart rates. However, I do not wish to imply that I believe that ACs are the main or sole mechanism by which digitalis exerts its effect. Over a range of moderate heart rates, each beat falls on the descending limb of underlying AC and, as shown in this study, is reduced in strength. Yet, despite this negative inotropic effect of AC, a significant residual positive inotropic effect remains. The origin of the remaining positive inotropic effect is not clear. It may in part result from the effects of AS to diminish the frequency dependence of restitution. At the heart rates in question, convergence of the curves of restitution is accomplished by a shift of the curve toward greater contractile strength. The role of AC in the inotropic actions of AS is also somewhat obscured by the observation that, during the onset of the action of AS, a 10-20% increase in strength of contraction frequently was observed before AC were obvious. The first indications of change in staircase phenomena (i.e., trend toward reversal of polarity at intermediate frequencies) were noted within this early inotropic effect. This apparent disparity might easily be explained if one assumes that the AC are but manifestations of an underlying internal or transmembrane flux of calcium. 12 ' l3 The positive inotropic action associated with AC may be due to a priming of the contractile mechanism by an associated calcium flux. The occurrence of AC would indicate only that the calcium flux was sufficiently strong to directly activate the contractile machinery. A less intense flux might cause significant potentiation of superimposed beats but be insufficient in itself to generate measurable tension.
Presently, evidence for the occurrence of AC in the intact heart is scarce. However, Kedem et al. 14 
have
reported the occurrence of AC in the in situ canine heart in response to paired pacing and very early premature beats. Restitution was also determined in this study and changes in the time course of restitution were found to accompany the appearance of AC. Restitution proceeded to a peak and then described a descending phase. The phase relationship of these oscillatory changes to AC was not given. Hopefully, future investigation will determine whether AC play a role in the inotropic effects of digitalis in the intact animal or man.
